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FOREWORD

This technical report was prepared in the Environmental Criteria Brzach,
Environmental Division, Directorate of Engineering Test, Deputy for Test and Sup-
port, under Project 1309, Task 130906, The Project Engineer on this survey was
Mr. Charles E, Thomas of the Environmental Criteria Branch., The survey cov-
ered by this technical report is one of a series conducted on operational aircraft
by the Environmental Criteria Branch. The flights discussed in this report occur:-ed

during the period extending from December 1956 to June 1957, The informatio
obtained from this effort was submitted as raw data to the requesting agency up«n
completion of the tests, and is now being presented in a formal report for the pur-
rose of wider distribution.




ABSTRACT

A C-130A aircraft, SN 53-3133, was surveyed at Wright-Patterson Air
Force Base, Ohio to determine the vibration environment existing throughout the
vehicle under all flight conditions expected in service. Approximately 50, 700 data
points were obtained from 21 separate locations on the vehicle during five test
flights. The data obtained in this survey were evaluated to determine the adequacy
of vibration test requirements for aircraft equipment as contained in Specification
Nec. Mil-E- 5272C. The data indicated that the vibration testing requirements of
that specification were more than adequate with the exception of the very light
pieces of equipment which are attached to the fuselage sidewalls in the vicinity of
the prop plane.
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SECTION1I

INTRODUCTION

One of the major problems in the design, application, testing, and use of
airborne equipment is the lack of sufficient data to define the actual dynamic envir-
onment in which the vehicle equipment muet operate. In most cases this lack of
data has resulted in either (1) overdesigning the equipment, with its attendant e-"ces-
sive development costs, time, specimen size, and weight, or (2) underdesigning
the equipment with a resulting lack of reliability and limited service life. 1o
acquire the needed information, the Environmental Criteria Branch, Environmental
Division, Directorate of Engineering Test, Deputy for Test and Support, has imu'c-
mented a comprehensive data acquisition program aimed at obtaining vibration :ta
on all available aircraft and missiles.

This i8 one of a series of reports which present vibration data measured
on the structure cf aircraft and missiles. The primary objective of these reports
is the dissemination of important dynamics data to those concerned with developing
airborne accessories, These data can be used as the basis for preparing design
and testing specifications, estimating environments on air vehicles in the "drawing-
board" stage, establishing optimum locations and installation practices, etc. The
data in this report have been interpreted only with respect to the specific vehicle of
this study, i.e., C-130A, and no attempt has been made to assimilate this infor-
rmation with existing data on other similar vehicles or to present complete explan-
ations of all the vibration phenomena involved. Reports will be published later to
interpret the data and tc draw comprehensive conclusions concerning vibration gen-
eration, propagation, structural response characteristics, and the like. However,
the test instrumentation, procedures, and data reduction methods are covered in
considerable detail in this report.

SECTION I

DISCUSSION

A, Description of the C-13CA Aircraft

The C-130A is a high-wing, all metal construction, medium-range, land-
based monoplane. It was designed and built by Lockheed Aircraft Corp, Marietta,
Georgia. The mission of the airplane is to provide rapid transportation of persans
nel or cargo for dellvery by parachute or by landing.

The airplane is powered by four Allison TH6-A-1A t\irboprtxp. conatants
speed engines which operate at a speed of 13, 820 RPM, Each engine ix wated at
3750 shp and drives a 3-blade, 15-ft, diameter, electra hydraulic, constants
speerd propeller through a 12,5 to | reduction ratio goarbox., Table ! presents
the principal din'enaiona of the C-130A aircraft.

Manusoript released Ly the author 1y Fedruary 1962 for publication aa am
ASD Techinicnl Vosumantary Report.
1




TABLE I

C-130A CENERAL SPECIFICATION DATA

Wing €zan 132 feet 7 inches
Length 95 feet 2 inches
Height 38 feet 4 inches
Stabilizer Span 52 feet 8 inches

Design Gross Weight 108, 000 pounds

B, Test Instrumentation

The test instrumentation comprised the following: (1) forty-eight MB
Manufacturing Co. Type 124 velocity pickups, (2) one Davies Laboratories, Inc.
Model 501, 14-channel magnetic tape recorder, and {3) a remotely controiled
pickup selector switch. The pickups were attached to the aircraft structure and
engines at twenty-one points of interest. Thirty-six of the pickups were mounted
in groups of three and oriented to sense vibration along each of the three major
axes of the aircraft. Six of the pickups were mounted in pairs and oriented to
sense vibration in the vertical and lateral directions. The remaining six pick-
ups were mounted individually on the sidewall at various stations and heights to
scnse vibration in the lateral direction. The locations are shown in Figure I,
Appendix A which presents a morc detailed description of the instrumentation.

C. Test Procedure

Five flights were made during this survey. Vibration records were
obtained during all of the normal conditions expected in service, such as taxi,
ground runup, takeoff, climb, straight and level flight (at various altitudes, air-
speeds, and power settings), descent, landing, and landing roll. Magnetic tape
recordings were obtained from all test pickups for cach of the specified test con-
ditions, A reel of reccrded magnetic tape data consistcd of approximately 90
data samples, each having, generally, a length of 75 inches and covering a pericd
of 5 seconds. Further information concerning the test procedure is contained in

Appendix A,

D, Data Processing

The reels of recorded data were edited in the laboratory., Then, each
data sample, which includes twelve channels of test data, was spliced into an
encdless loop, Next, each loop was placed vn a Daviea Model 502 tape playback
system., Then, a narrow bandwidth (10 cycles per aecond) analysis was conducted
simultaneously on six of the twelve data channels of the loop and the analyxed
dinta were recorded on six modified Brown strip chart recorders in the form of
a continuous spuctrum of frequency (cps) veraus tranaducer voltage {(rms). Thia
procedure was repeated to analyze and record the analyacd data of the other six
data channels of the loop, The analyzer uscd is a heterodyne type, Daviex Mudel

51,




The data points of interest were then extracted from the strip chart
recording, tabulated, and punched into IBM cards. Corresponding decks of "mas-
ter' cards which contain detailed descriptive information concerning pickup loca-
tion, flight test conditions, and source and order of vibration were also produced.
Next, the raw data together with the formula for computing double amplitude in
inches and acceleration in g units and the appropriate descriptive information or.
the "master' cards were fed to an ERA 1103A computer. The completed data
cards were then sorted into the desired order and the data were plotted by an
automatic plotter having IBM card input capabilities.

E. Presentation of Data

The plots contained in this report are: (1) summary plots for each indiv-
idual pickup for all of the flight test conditions, (2) summary plots for each clus-
ter of pickups (2 or 3) at any given test point, and (3) summary plots for struc-
tural "zones' for all of the flight test conditions. These types of data presenta-
tion have proven satisfactory for use in establishing specification requirements
and in estimating vibration environments in other similar vehicles, However,
in instances where more detailed analysis of the vibration characteristics iz
required, graphs could be prepared to show variations of many parameters affect-
ing the vibration conditions in the vehicle. For example, graphs can be made
showing variation of vibration as a function of the following parameters: (1)iidic-
ated airspeed, (2) altitude, (3) power, (4) flight condition, (5) propeller order,
etc. Plots of this type can be furnished if requested. A more detailed descrip-
tion of data handling procedures, data analysis, and presentation methods is con-
tained in Appendix A,

SECTION 111

RESULTS

Approximately 50, 700 data points were obtained during the five test
flights which comprised this survey. As expected and as shawn by the graphs
presented in Appendix A, the data are of the discrete frequency type. The dom-
inant source of these frequencies is the propeller. However, in the case of the
pickups mounted on the engine, vibration frequencies due to engine and access~
ory unbalance occurred constantly.

The frequencies produced by the propeller, both those duc to propeller
unbalance and to the blade passage past the fusclage, were observed over the
frequency range of 15 to 500 cpa, Only the fundamental of the propeller unbals
ance was detected; however, blade passage frequencies ranging from the fandas
mental up through the ninth order depending upon the siructural aone were
detected,  The intensity of the fuselage vibration due to the propuller is greatest
in the aren ndjncent to the propellers, and diminishoa ag the distance from the




propellers increases in either direction. The maximum vibratory acceleration
(approximately +22 g) occursed on the fuselage sidewall at a frequency of 220 cps
which corresponds to the fourth order of the blade passage frequency.

The vibration pro®iced by the engines was also of the discrete frequency
type. Only the first order (230 cps) and second order {460 cps) of the engine
vibration were measured. The vibratory acceleration levels were generally
below +5 g. The first and second orders of vibration due to propeller unbalance
and the first and second orders of the propeller blade passage frequency were
also observed on the engine.

The test data indicated that the following overall vibration test envelope
would be satisfactory for equipment used on the C-130 aircraft:

5 to 8 cps - .15 in, double amplitude

8 to 22 cps - +.5 g vibratory acceleration
22 to 70 cps - . 02 double amplitude
70 to 500 cps - 45 g vibratory acceleration

However, this overall vibration envelope would require modifications
when applied to the following items of equipment: (1) those rigidly mounted to an
engine accessory and (2) those attached to the sidewall of the fuselage in the cen-

ter half.

Modifications to overall vibration envelope for equipment rigidly mounted
to an engine accessory:

22 to 110 cps - . 02 double amplitude
110 to 500 cps - 15 g vibratory acceleration

Modifications to overall vibration ~nvelope for equipment attached to the
sidewall of the fuselage in the center half,

5to 10 cps - .15 in. double amplitude
10 to 22 cps - 41 g vibratory acceleration
22 to 70 cps - . 04 in. double amplitude

70 to 140 cps - 110 g vibratory acceleration
140 to 220 cps - .01 in. double amplitude
220 to 500 cps - +10 g vibratory acceleration

SECTION 1V

CONCLUSIONS

The resonant frequency of any vibration isolators used should he in the
20-to 30-cps frequency band to have satisfactory operation and acrvice life and
to avoid resonant excitation,




APPENDIX A

Instrumentation

Forty-eight MB Type 124 velocity pickups were mounted in clusters
(2 or 3) and individually at 21 separate test points on the aircraft enginc and
structure. The locations are summarized in Table II and shown in Figure 1. Tke
Type 124 velocity pickup has the following characteristics:

Nominal sensitivity - 96.4 mv(rms) per inch per sec. {(rms}
Usable frequency range - 5 to 2000 cps
Temperature range - -65 to 250° F
4040C
403C
4034C.
//

Figure 1, Schematic Presentation of Pickup Locations
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F.S. 108

Lower Left Side .f Pilot's Inst.
Panel < F.5, 93

Structure of Furward End o
Carge Deck - Sta, D-1, F.5, 245

Structure of Equip. Rack -
F.S. 24>

Structure of Equip. Rack -
F.S. 230

Structure of Main Bulkhead in Radar
Cr.mp't {Left Side)

Structure of Left Side of A/C
Fuselage - F.S, 360 - 6 {t. above
Floor,

Stracture  f Left Side of A/C
Fuselage - F.S5, 160 - 4 {t, above
Fluoe

Stracture of bLeft Side JfAC
Fuselage - ¥, 5. 00 - 2t ab -~
Fluoe

TABLE II

PICKUP 1 OCATIONS

Dirsctivn, PUID Leeatiin Drresnion,
Vert 25 Structure of Left Side of A/C lat
Lat Fuselage -« F.3, W0 - 6 f{. alicve
FiA Flour
Vert 26 Structure of Left Side of A/C Lat
Lat Fucelage - F.S, 390 « 4 1t, above
FiA Floor
Vert 27 Structure of Left Side of A/C tat
Lat Fuselage - F.5, 390 - 2 ft. above
F/A Fléor
Vert 28 Structure of Mid-Center ¢f Cargo Vert
Lat 29 Decx T.D. - Sta. D-12, F.5. 480 Lat
F/a 30 FiA
Vert i Structure of Aft-tenter of Cargo Vert
Lat [} Deck T.D. - Sta. D-25, F.S. t90 tat
F:A 3 F/A
Vert L2 Structure «f Aft Wing Spar - Vert
Lat 15 F.S, 597 | X
FIA 1 FIA
Vet 3?7 S.lru\'lure of Equip. Rack Top - Vert
Lat I8 Center of Carge Comp't - F. S, Tat
F/A 19 440 FiA

40 Structure, Center .f Aft Section - Vert
Lat 4 F.S. 1000 lat
a2 F/A
43 Forward End «f Comp. Sertion .n Vert
Lat 44 4 Fngine lat
45 Turbine Sectivn of #4 Engine Ver:
LT Tt
Lut
3t Hrush Band un G.E, D.C, Gen. on Vert
47 4 Engine lat

A typical response curve is shown in Figure 2. The threc-position mounting blocks
used to attach the pickups to the vehicle structure have no resonances below 500 cps.
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A Davies Model 501, l4-channel magnetic tape recorder was used to
record the outputs of the vibration pickups. The recorder, complete with con-
trol box and shock mount, and the pickup selector switch were installed in *he
nose section of the aircraft. The 26-to 28-volt DC power, required for opera-
tion of the recorder a::d the selector switch, was obtained from the aircraft's
DC system. The recorder was preset for a recording time of five seconds. 1he
Model 501 recorder is an FM type having the following characteristics: (1) FM
carrier frequency of 10 KC, (2) intelligence frequency response of 3 to 2)00 cps,
(3) dynamic recording range of 45 db, (4) tape speed of 15 inches per second,

(5) total recordiug time of approximately eight minutes, (6) weight of 55 1bs.,
and (7) overall dimensions, including shockmount, of 10-1/2 x 11 x 21 inches.
The twelve data channels have an input impedance in excess of 100, 000 ohms.
The thirteenth channel has an input attenuation of approximately 45 to 1 and is
designed for direct connection to the engine tachometer generator. The four-
teenth channel is used to record the output from an internai, 10 KC, crystal-con-
trolled oscillator. This channel is used during tape playback to control the play-
back speed by means of a servo, and it is also utilized in the electronic compen-
sation of the tape playback and analysis system. The recorder uses 1-3/4-inch
wide magnetic tape in 400-to 600-foot reels.

TABLE 11

FLIGHT CONDITIONS FOP C-130A

Elight Attitude ZREM As anxil pnal me
Ground Runup 97-100 0 [} v9.90 8211
Ground Runup

W/One ur More

Eugines Cul An-iu [ 0 Q 12-100
Takeytf 100 150 o Sn (AR}
Climb 100 150 2 e ELY
Troop Doors Open 100 160 ] N in
Straight and Level 160 140 L} 2t i~

Cruise W/One or
More Engines Out 100 140 [y LYY 1)

Norma! Descent a 144 A\ 4 1R
N.ormal Descent
W/Speed raken
Fxtended an 130 N 47 ;L)
fanding Koy HY n 0 v W
Tan "l o o u i

Touchdown 1o L\ n N an

Crutne Speed
Nrakes Extonded fan 10 t “ ALY

Crutee {turhulent
alrld e Qn \ T B

*thawer Lever Angle

Test Procedure

Five test flights were flown during this survey, A summary of the test
conditions is shown in Table III, The test plan was based an requirements of
intercsted laboratories at ASD and on information obtained from USAF flight text
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pilots. Data were obtained during all of the normal operational configurations
expected of the aircraft. Test conditions were also established which permitted
the evaluation of variables, such as altitude, indicated airspeed, engine thrust
at constant airspeeds and altitudes, and the effects of using the speed brakes
gear and other control surfaces at various airspeeds. Prior to each flight, the
.est pilot was thoroughly briefed or the desired flight test conditicns and was
given the appropriate flight test data card. As soon as the desired flight test
condition was attained, the output of each of the 48 pickups was recorded in suc-
cessive groups of 12 each by means of a remotely controlled selector switch. Thea
number of data samples acquired during the five test flights totaled 1477. The
reels of recorded datz were sent to the laboratory for analysis.

Data Processing

The reels of tape were edited and each five-second record (data sampice)
was spliced into a continuous loop and properly labeled. These records were
analyzed by means of a Davies Model 510 automatic analyzer, which was used in
conjunction with a Davies Model 502 magnetic tape playback system. The com-
plete playback and analysis system is shown in Figure 3.

Figure 3, Automatic Tape Playback and Analysia Egquipmewt




The Mcdel 502 magnetic tape playback system had been modified to pro-
vide playback at eithcr 15 or 3C inches per second. The tapc playback contains a
servo-contrcl system which permits playback of the tape within very close toler-
ances of its originally recorded speed. During playback the output from all! ‘>ur-
teen tracks is fed simultaneously into the fourteen FM playback discrimirators.
The output signal from each of the twelve data channels i8 a 1 to 1 reproduction
of the original analcg signal.

An important feature of the playback system, l.e., electronic compen-
sation, should be discussed briefly at this point. During the data recording pro-
cess, the input of the fourteenth channel is the voltage from a very siable, 10 Kr,
crystal-controlled, reference irequency oscillator contained within the recorder.
During playback, a portion of this 10 KC signal is fed into a standard FM dis-
criminator channel. Assuming there were no wow and flutter during playback,
the output voitage from this particular discriminator, i.e., the fourteenth chan-
nel. would be zero. Therefore, if any voltage is obtained from this channel dur-
ing playback, it is an "error" voltage produced by wow and flutter. This "error”
voltage with its phase shifted 180 degrees is fed simultaneously into the output
stage of each of the twelve data channels., In this manner, the extraneous volt-
ages due to wow and flutter are eliminated from the signal output of the data chan-
nels. Prior to playback of data, each of the data channels is adjusted for uptimum
cancellation (approximately 40 db). Hence, an overall dynamic range of 45 db
(record through playback) can be maintained consistently. Table IV contains a
summary of facts pertinent to the Davies Model 502 magnetic tape playback rys-
t:m and the Davies Model 510 automatic wave analyzer.

TABRLE IV

SPECIFICATIONS FOR DAVIES LABORATORIES
MODEL 502 MAGNETIC TAPE PLAYBRACK
AND MODEL 510 AUTOMATIC ANALYZER

Frequency Range b opn to 2,000 cpa
Frequeney Accuracy 0,2 epn from $ to 404 px
0, 8% from 40 to 2,000« pw
Inpnt Voltage Range 1.0 volt ar 10 volts rms manionnm
(2« ponition switeh)
Amphtude Acewracy A% of reading or 0, 2% of fall xaie

Narrow Range - contingausdy varviahile
from 1/a w Ko

Hroad Range « contintoasty variable
from Nota 4% v pa

Selectivity

Seanning Spoeds, Speed Ranes 81 - continious by ad s tatile
Motor Drive AMinnnum Savep Time « 1S manates
Masimm Sweep Tane « 6 s wod 1% e
Revarder Speml ot Wesponse O ondn fur 0% gL e W
l.\]n' Speang I or v e hew per o weoaid
Laowp Length Appran, B 13 I tat Teast v n
Pape Walth Pamdb b V4 ik
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The Davies Moudel 510 automatic analyzer is a constant-bandwidth, heter-
odyne analyzer complete with motor-driven, variable frequency cscillator. The
system has six separate analyzers and can analyce six data channels simultan-
eously. Both the oscillator scanning rate and analyzer bandwidth are adjustable
over the following limits: (1) ecan rate 0.3 to 3.0 cps/sec. and (2) bandwidth 1
to 40 cps. The output of the six wave analyzer channels was fed into six modified
Brown strip chart recorders. A continuous spectrum plot of frequency (cps) vs
voltage (rms) was produced by the strip chart recorders. The chart spced is
servo-controlled and can be varied from 0,08 to 13.5 inches per minute. The
voltage was plotted on a logarithmic scale and the time required for full-scale
deflection, i.e., zero to one volt, was approximately two seconds. A sample
analysis of a 100-cps square wave is shown in Figure 4.

ANALYSIS OF 100 CPS ? B
— ONE VOLT SQUARE WAVE —
Bw=10 CPS .s.i
NOTE: THEORETICAL VALUES OF 'a
PEAKS ARE INDICATED d n
e ciz
° "09' [
—_— - = Ol 2 i —_—— ;{" —_— —
] 0Ty = & Il 6
8 Q]
AT - -1 '}‘T"‘ >
O . \'
¢ T
. | 1
RN
1l B P l [ L.
‘ ! i , t‘ / ° / Y

‘_V \Uw U:' l\ \} \1' M \Lu/ \

| |.". I b oo I 11 U T JR 11 SR 1 JRD 4o Qs (- Juin. - b
FREQUENCY CPS

Figure 4. Analysis of 100 cps One Volt Square Wave

In sclecting the bandwidth to be used in an analysis of this type, the fol-
lowing must be considered: (1) the frequency resolution desired, (2) the rate of
scan, (3) the length of the data sample, (4) the time available for data analysis,
(5) the quantity of data to be analyzed, (6) the type of data being analyaed, and {7)
the type of presentation of the cumpleted data, Based on a consideration of these
variables, a handwidth of ten cycles per second was selocted for these analyses,
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Following the harmonic analysis, the Brown strip chart reccrdings were
edited and the voitage peaks of interest were marked. Each of these peaks con-
stitutes a data point. The correcponding values of froquency and voltage for each
of these peaks were tabulated, and subsequently punched into IBM cards. Each
data point goes on a scparate card. Then these cards were processed through
the ERA 1103A computer at the rate of ninety cards per minute. Prior to pro-
cessing each set or flight of data cards through the computer, a series of three
sets of "master' cards was made and fed into the computer. These sets of "mas-

ter'" cards are:

(1) The "Flight Condition Masters''; these contain all of the nccessary
flight parameters, i.e., altitude, IAS, power, etc., associated with
each of the data cards. This information is nbtained from the flignt
test data card.

(2) The "Pickup Location Masters'; these contain the information
required to identify each data point of each channel and record number

with a particular pickup.

{3} The "Source and Order Masters''; these contain sufficient informa-
tion to identify specific vibration frequencies with known orders of engine
and propeller unbalance and also blade passage frequencies of the prop-
eller or rotor blades, as the case may be.

As the data cards are processed, a new and complete "answer'" card
having the followirg information is produced: (1) the computed values of double
amplitude in inches, acceleration in g's, log of frequency, log of double ampli-
tude, and log of acceleration, (2) all of the data on the original data card, and (3)
all of the appropriate data obtained from the "Master' cards. The order and limits
of the information in the final analysis are shown in Table V.

After ths computations were completed, all of the data cards were arranged
in the desired sequence by means of an IBM sorter. Then a multi-copy IBM listing
was made of all data. These listings were used in detail studies of the data and in

checking the accuracy of the completed graphs.
Automatic plotters utilizing IBM card input procduced the graphs of {re~

quency in cycles per second vs. vibratory double amplitude in inches. The plotting
rate ranged from 390 to 60 points per minute. The three types of graphs plottedare:

(1) Summary plots (all test conditions) for each individual vibration pickup,
(2) Summary plots for each cluster of pickups (2 or 3),

{3) Summary plcts for each structural zone,

Each of the three types of graphs has all the appropriate data obtained

from the five flights, No plots were nade to indicate the effocts of variabley, such
as power, altitude, 1AS, etc,; however, such plots can be chtained upun regquest,
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TABLE V

SUMMARY OF INFORMATION ON IBM CARDS

Card Column Range Category
1=-2 0=-99 Fickup Location
3-4 131 Day
5«6 1=-12 Meonth
7-8 1 -24 Time
9 - 10 1-12 , Chlannel Number
11 =12 0-99 Record Number
13 - 16 0 - 2000 Frequency in cps
17 - 20 0-.9999 Voltage
21 - 23 0 - 285 Engine Speed
24 - 26 0 -999 1AS in Knots
27 - 28 0 =60 Altitude in 1000 feet
; 29 - 30 112 Source
| 31 - 32 0 - 24 Order
33 - 34 1«63 Flight Condition
| 35 - 36 M. A, Blank
| 37 - 41 0 -,9999 Double Amplitude in Inches
42 - 45 0 -99.99 Acceleration in g
46 - 50 N, A. Log of Frequency '
51 « 55 N. A, Log of Double Amplitude
56 = 60 N, A, L.og of Acceleration
61 = 62 0 -‘45 Alrcraft I,D, Number
63 - 65 0 - 100 Man, Prea, == in, Hg
Power Lever Angle in Degrees
bt - b8 0« 150 Percent of Rated H, P,
Percent of Rated Thrust
09« 70 * .27 Structural Zone
71 = HO N, A, Rlank

The Type | graphs pcrmit a detailed study of the vibration characteristics
along a single axis at a particular location in the test vehicle,

The Type 2 graphs present the overall vibration environment, measured
under all test conditions, at ecach of the test pointa where 2 or 3 pickups were
mounted in a cluster,




The Type 3 graphs show the overall vibration environment for a structural
zone, e.g., front quarter of the fuselage. Tha structuve of the test vehicle has
been arbitrarily divided into nine rmajor areas, Each of these major areas lLas
been further subdivided into the following three categories: (1) vehicle structure,
(2) rigidly mounted equipment, and (3) shock mounted equipment. A complete !ist-
ing of these structural zones is contained in Table VI, A diagram of seven of th=
nine major areas is shown in Figure 5,

TABLE VI
CODF. FOR STRUCTURAL ZONE OF A/C

Code Nr Structural Zone
01 Farward Quarter of Fuselage
02 Center Half af Fuselage
03 Aft Quarter of Fuselage
04 Vert, & Horlz. Stal. lncl. Rudder & Elevatora
05 Outer one-third of Wing
06 Inner two-thirds of Wing
07 Engine !
08 Rigidly Mounted Equipment in Forward Quarter of Fuselage
09 Rigidly Mounted Equipmer.t tn Center Half of Fuselage
10 Rigidly Mounted Equipment {n Aft Quarter of Fuselayge
11 Rigidly Mounted Equipment in Vert. & Voriz. Stal,
Inel, Rudder & Flevatora
12 Rigidly Mounted Equipment in Outer one-third of Wing
13 Rigidly Mounted Equipment {a Inner two-thirde of Wing
14 Rigidly Mounted Equipment in Engine
1% Shuck Mounted Fquipment in Forward Quarter of Fuselage
16 Shock Mounted Equipment in Center Half of Fuselage
17 Shock Mounted Equipment in Aft Quarter nf Fuselage
i8 Shock Muunted Equipment tn Vert, & Horls. Stabh,
Incl, Rudder & Elavatora
19 Shock Mounted Eyguipnient In Outer one-thitd of Wing
20 Shock Mounted Equipment tn Inner two-thirds of Wing
21 Shock Mounted Equipment in Engine
. 22 ¥ngine Acceswory Section
23 Main Rotor Teannminnion Cane
24 Rigidly Muunted un Fingine Aceconnnry Seetion
28 Rigidly Mounted on Main Rutor Tranaminaion Cane
26 Shock Muunted on Engine Accesnary Sectlan
a? Shuck Mounted on Main Rotor Teanamisaion Case

Ali graphs arc log-log (3 x 5 cycle) plots of frequency v, vibratory danble
amplitude. As indicated previously, the logs of frequency, double amplitude, and
acceleration were determined during the computation phase of data reduction, These
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computations are necessary for the automatic plotting of frequency vy. double amp-
litude on a log-log scale. For the standard automatic plotters available can not
accept linear input and then plot on a log scale., Therefore, by using the proper
scale factors, the logarithms =f the desired variables can be fed to any standard
plotter to produce log-log plots of the original data. On these graphs of frequency
vs, double amplitude. levels of vibratory acceleration appear as straight lines of
constant slope. Reference lines having values of +0,5, +1.0, +5.0, and +10.0 [
are included on all graphs. This arrangement permits simultaneous readings of
double amplitude and acceleration at any given frequency.

foer

20NE 3

IONE 6

t 5 0 0. 00
("] » 20NE 4
) 0.0 0.0
zo&nz 0,0,0,8,9,0,0 |
annn

IONE 6
jo——— ZONE } —o
LEGEND
I. FORWARD QUARTER OF FUSELAGE
ONE 3 2. CENTER HALF OF FUSELAGE
2 3. AFT QUARTER OF FUSELAGE

4. VERT. & HORI2. STAB. INCL.
RUDDER R ELEVATORS

$ OUTER ONE=-THIRD OF WING

6. INNER TWO = THIRDS OF WING

o———— I0NC 2 ey 7. ENGINE

Figure 5, Aircraft Configuration Depicting Seven Structural Zones

A more detailed description of the data reduction proceases used to reduce
the vibration data {s contained in WADC TN 59-44, ASTIA Document Nr. AD210478,
dated February 1959, which ia titled, '"Data Reduction Techniques for Flight Vibeas

tion Measurements,
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